We review recent measurements of heavy B hadron states including masses and lifetimes of the B baryons.
INTRODUCTION
Hadrons containing bottom quarks can be classified according to their J P quantum numbers. There are the ground state 0 − mesons such as the neutralB 0 meson with quark content |bd , the charged B − ( |bū ), theB . After defining "heavy B hadron", we explain what is meant by "properties" of B hadrons. Under properties we understand masses, lifetimes and decay properties of heavy B hadrons. This brings us to the question of "why study B hadron states"? A physicist typically first comes into contact with the discussion of states while studying the hydrogen atom in quantum mechanics. The spectroscopy of the H-atom is explained as transitions between the various energy levels of the hydrogen atom. This prime example of quantum mechanics allows us to draw parallels to the study and spectroscopy of B hadrons. The hydrogen atom consists of a heavy nucleus in the form of the proton which is surrounded by a light electron. The spectrum of the hydrogen atom is sensitive to the interaction between proton and electron, which is based on the electromagnetic Coulomb interaction and described by Quantum Electrodynamics in its ultimate form. In analogy, a B hadron consists of a heavy bottom quark surrounded either by a light anti-quark, to form a B meson or a di-quark pair, to form a bottom baryon. The interaction between the b quark and the other quark(s) in a B hadron is based on the strong interaction or Quantum Chromodynamics (QCD). It is often stated that heavy quark hadrons are the hydrogen atom of QCD. The study of B hadron states is thus the study of (non-perturbative) QCD, providing sensitive tests of potential models, heavy quark effective theory (HQET) and all aspects of QCD, including lattice gauge calculations.
B Hadron Lifetimes
In the spectator model of B hadron decay, the b quark decays like a free particle. The other (anti-)quark(s) in the hadron act as pure spectators without influencing the b quark decay. In such a simple weak decay picture, the lifetimes of all B hadrons would be equal. In reality, the strong force in the form of gluons, coupling to the quarks, as well as final state interactions, influence the pure weak decay. Measurements of B hadron lifetimes thus study the interplay between the strong and weak interaction. Predictions of B hadron lifetimes are provided in the heavy quark expansion (HQE) which in turn allows us to expand the inclusive decay width Γ B in powers 1/m b of the bottom quark mass
In HQE short distance effects contained in the Wilson coefficients c n (µ), evaluated in perturbation theory, are separated from long distance physics represented by the matrix element H b |O n |H b to be computed through nonperturbative QCD sum rules, operator product expansion methods or lattice QCD calculations. In s mesons. These calculations allow for precise predictions of B hadron lifetimes where many can be found in the literature. Reference [4] only quotes a few of them. Most of these predictions can be summarized in form of the following estimates for B hadron lifetime ratios
Measurements of B hadron lifetimes thus test the validity of HQE, a technique which is also used to supply input for the extraction of elements of the Cabibbo-Kobayashi-Maskawa (CKM) quark mixing matrix.
Since history always provides guidance, Figure 1 shows the history of measurements of the average B hadron lifetime which starts with the first measurement of the average lifetime of bottom hadrons [5] in 1983. The Mark II detector measured τ b = (1.20
+0.45
−0.36 ± 0.30) ps which is within large errors in agreement with the current average B hadron lifetime as determined by the Particle Data Group (PDG) [6] . However, Figure 1 indicates that all early measurements of bottom hadron lifetimes appear to obtain low central values compared to the current world average until the availability of precision measurements pined down the current world average. Such an effect seems to repeat itself in other B hadron lifetime measurements as we shall see later. 
Experimental Environment
with a significance of 3.5 σ.
After a successful 1992-1996 Run I data taking period of the Fermilab Tevatron (for a review of B physics results from e.g. CDF in Run I see Ref. [9] ), the Tevatron operates in Run II at a centre-of-mass energy of 1 The features of the CDF and D0 detectors are described elsewhere in References [10] and [11] , respectively. For the remainder of this paper, we will focus on results from the Tevatron experiments CDF and D0. 
PROPERTIES OF B
where M is the mass matrix and Γ is the decay matrix. The mass eigenstates B 
The fact that the mass eigenstates are not the same as the flavour states gives rise to oscillations between the B 
Second, there is the CP specific lifetime measured in decays that are assumed to be either CP even or CP odd. For example, the exclusive decay B [12, 16, 17] . In this case, the observed CP phase would be modified by a phase φ N P s due to new physics processes, and can be expressed as 2β
). We can then make the approximation for the observed quantities 2β ∼ 0.04. Interestingly, the CDF and D0 inconsistencies with the standard model both point in the same direction. Assuming the SM prediction, CDF quotes a probability of 15% to observe a likelihood ratio equal or higher than the one observed in data which corresponds to about 1.5 σ. Using constraints on the strong phases, D0 finds a p-value of 6.6% corresponding to a 1.8 σ inconsistency with the SM hypothesis [15] .
There are two new results on CP violation in B The updated CDF analysis was obtained with a suboptimal dataset which did not allow for the use of particle identification for the entire data selection and restricted the application of same side kaon flavour tagging to the first half of the data. To estimate the future reach of this analysis, CDF's expected sensitivity of measuring a value of β J/ψφ s = 0.40 for various integrated luminosities ranging from 1.35 fb −1 up to 10 fb −1 of data is shown in Figure 5 (c).
With about 5 fb −1 of data, the probability to measure an assumed value of β 2 ) bound P -states [19] . The wide states decay via an S-wave and therefore have a large width of a couple of hundred MeV/c 2 , which makes it difficult to distinguish such states from combinatoric background. The narrow states decay via a D-wave transition (L = 2) and thus should have a small width of ∼ 10 MeV/c 2 [20, 21] . Almost all previous observations [22, 23] of the narrow states B 0 1 and B * 0 2 have been made indirectly using inclusive or semi-exclusive B decays which prevented the separation of both states and a precise measurement of their properties. In contrast, the masses, widths and decay branching fractions of these states are predicted with good precision by theoretical models [20, 21] . 
Orbitally Excited Strange B Mesons
The properties of |bs excited meson states, referred to as B * * s , and the comparison with the properties of excited states in the |bū and |bd systems provides good tests of various models of quark bound states [19, 20, 26] . These th International Conference on High Energy Physics, Philadelphia, 2008 The mass of the B − c meson has been predicted using a variety of theoretical techniques. Non-relativistic potential models [31] have been used to predict a mass of the B − c in the range 6247-6286 MeV/c 2 , and a slightly higher value is found for a perturbative QCD calculation [32] . Recent lattice QCD determinations provide a B − c mass prediction of (6304 ± 12 
PROPERTIES OF BOTTOM BARYONS
The QCD treatment of quark-quark interactions significantly simplifies if one of the participating quarks is much heavier than the QCD confinement scale Λ QCD . In the limit of m Q → ∞, where m Q is the mass of the heavy quark, the angular momentum and flavour of the light quark become good quantum numbers. This approach, known as heavy quark effective theory, thus views a baryon made out of one heavy quark and two light quarks as consisting of a heavy static color field surrounded by a cloud corresponding to the light di-quark system. The two quarks form either a3 or 6 di-quark under SU(3), according to the decomposition 3 ⊗ 3 =3 ⊕ 6, leading to a generic scheme of baryon classification. Di-quark states containing quarks in an antisymmetric flavour configuration, [q 1 , q 2 ], are called Λ-type whereas states with di-quarks containing quarks in a flavour symmetric state, {q 1 , q 2 }, are called Σ-type. For baryons with a bottom quark, this classification gives the ground state Λ . The ground state Σ-type baryons decay strongly to Λ-type baryons by emitting pions. In the limit m Q → ∞, the spin doublet {Σ b , Σ * b } would be exactly degenerate since an infinitely heavy quark does not have a spin interaction with a light di-quark system. As the heavy quark is not infinitely massive, there will be a small mass splitting between the doublet states resulting in an additional isospin splitting between the Σ states [41] . There exist a number of predictions for the masses and isospin splittings of these states using HQET, non-relativistic and relativistic potential models, 1/N c expansion, sum rules and lattice QCD calculations [41, 42] .
The CDF collaboration has accumulated a large data sample of Λ 
CONCLUSION
We have reviewed recent result on heavy B hadron properties focusing on Run II measurements from the Fermilab Tevatron which offers a rich heavy flavour program. A wealth of new results on properties of heavy B hadron states from CDF and D0 has been available. These include measurements of the lifetime and decay width difference ∆Γ s in B 
